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Stereotactic Radiosurgery for the
Treatment of M etastasesto the Brain

EXECUTIVE SUMMARY

Purpose

This report was written by the Management Decision and Research Center (MDRC) Technology
Assessment (TA) Program in response to requests for information about the effectiveness of
stereotactic radiosurgery for the treatment of metastases to the brain.

Background

Metastases to the brain (herein referred to as “brain metastases’) are amajor cause of disability
and death in cancer patients. Treatment options are limited, particularly for patients with
surgically inaccessible or recurrent brain metastases.

Stereotactic radiosurgery (SRS) is a specialized form of radiation therapy that delivers precisely
focused beams of radiation to atargeted lesion in the brain. Theintent isto destroy the lesion, or
control its growth, without harming nearby healthy tissue. Thistechnology has been used to treat
avariety of functional and benign brain abnormalities, and indications for its use are now being
expanded to include metastases to the brain.

Key Findings

Cost and Reimbursement

SRS uses fewer resources than open cranial surgery. Relative to surgery, radiosurgery reduces
the length of hospital stay by nearly 7 days, to approximately 3 to 4 days. SRS can often be done
as an outpatient procedure. Medicare has reimbursed SRS at the same rate as open crania
surgery, but a 30% reduction in reimbursement for SRS was proposed for 1998. This was based
on the HCFA estimate of reduced procedure costs.

Regulation

Commercially available SRS units are approved for therapeutic use by the Food and Drug
Administration (FDA). Facilities must comply with federal standards and guidelines for
radiation safety and quality control.

Evidence of effectiveness

The best published evidence is from case series, arelatively weak study design that does not
provide strong evidence of effectiveness. The studies treated different types of patients and
reported outcomes in non-comparable ways. Studies frequently combined outcomes from
different patient or treatment groups, making effectiveness data difficult to interpret. While the
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findings about the effectiveness of SRS were fairly encouraging and consistent for comparable
groups of patients, they should be considered preliminary and interpreted with caution:

Evidence suggested that SRS was arelatively safe and effective technology for the definitive
treatment of newly diagnosed and recurrent metastases to the brain in selected patients. Most
of the reported side effects of SRS were mild, temporary, and could be relieved by
medication. Treatment resulted in very few major complications and very rare deaths.

All of the types of cancers treated responded to therapy. The spread of melanomas, breast
cancers, and kidney cancers was controlled for alonger period of time than for other cancers.
For breast cancers, thisimproved tumor control was accompanied by an increased length of
survival.

Median survival after SRS ranged from 26 to 56 weeks. This compared favorably with
outcomes from other treatments.

Patients with limited numbers of relatively small tumors, and who had well-controlled
Systemic cancer, may have gained the greatest benefits from treatment. SRS treatment was
equally effective for patients with two metastases as for patients with solitary metastases,
SRS treatment was as effective for recurrent metastases as for initially untreated metastases.
The effectiveness of SRS treatment and survival benefit in patients with three or more
metastases remain undetermined. The absence of active systemic cancer was strongly
associated with survival, as was good baseline functional status.

Valid comparisons of the relative effectiveness of treatment options are not possible using
existing research. Available data suggested that for patients with smaller solitary metastases,
SRS (alone or + radiotherapy) appeared to be as effective as surgery + radiotherapy in
prolonging survival. SRS may have been more effective than surgery in postponing
recurrences, and SRS caused fewer complications. Outcomes from both surgery and SRS
were considerably better than those from radiotherapy alone. Optimal management of
patients with multiple metastases is yet to be determined.

It istoo early to draw definite conclusions about optimal treatment parameters (including
radiation dose, the use of whole brain radiotherapy in addition to SRS, and maximum
treatable tumor size). The Radiation Therapy Oncology Group (RTOG) will continue to
study the optimal dose planning and maximal possible treatable tumor volume in ongoing or
planned RTOG radiosurgery trias.

Conclusions

In the absence of data from high quality studies, uncertainty remains about the true effectiveness
of SRS for the treatment of metastases to the brain. One randomized clinical trial isin progress
(See Table 7, page 15), and further trials are needed, to address the many unanswered questions
about the use of SRS for this application. Such trials will provide stronger evidence on which to
base clinical and policy decisions.
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l. INTRODUCTION AND BACKGROUND

A. Purpose

This report was written by the Management Decision and Research Center (MDRC)
Technology Assessment (TA) Program in response to requests for information about the
effectiveness of stereotactic radiosurgery for the treatment of metastases to the brain.

B. M etastasesto the Brain

Metastases to the brain (herein referred to as “brain metastases’) are a significant and
increasing health problem in the aging population (Sperduto et al. 1996; Loeffler et al.
1993). About 100,000 cancer patients developed brain metastases in 1997 (Parker et al.
1997). Any primary cancer can spread to the brain, but the most common are
melanomas, and cancers of the lung, breast, colorectum, or kidney (Kihlstrom et al.
1993; Posner 1993). Nearly half of the patients diagnosed with brain metastases have one
lesion, and 20% have two metastases (DeAngelis 1994).

As many as half of patients dying from cancer are found to have brain metastases on
autopsy (Flickinger et al. 1994). Despite improvements in the treatment of systemic
cancers, brain metastases remain a major cause of disability and death in cancer patients,
including the estimated 170,000 American veterans who have cancer (Kizer 1997).

C. Standard Treatments

Untreated, patients with brain metastases usually survive for 1 to 2 months (Posner 1974).
Most die from the uncontrolled systemic spread of their primary cancer, but one-quarter
to one-half die from complications associated with the spread of their brain metastases
(Borgelt et al. 1980).

Steroids were found to reduce symptoms and prolong survival by about 1 month
(Weissman 1988). With few exceptions, chemotherapy has a limited role in the treatment
of brain metastases (NCI September 1997).

Whole brain radiotherapy (WBRT) reduces symptoms and prolongs life more effectively
than steroids alone. Median survival in randomized clinical trials of WBRT ranged from
15 to 18 weeks (Borgelt et a. 1980). WBRT retreatment for recurrent brain metastasesis
controversial, but additional survival benefits have been reported in case series studies
(Kurup et a. 1980; Hazukaet al. 1988). For most patients, re-irradiation seldom
produces clinically significant benefits, and it is known to cause damage to healthy brain
tissue (DeAngelis 1994; Arbit et a. 1995).

For selected patients with a solitary brain metastasis, adding open crania surgery to
whole brain radiotherapy greatly prolongs life. Intwo randomized clinical trials, median
survival for patients treated with surgery + WBRT was 40-43 weeks, compared to 15-26
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weeks for WBRT aone. Quality of life was significantly improved in the surgical groups
(Patchell et al. 1990; Noordijk et al. 1994). No randomized clinical trials have been done
to assess the effectiveness of surgery for the removal of 2 or more metastases, or for the
surgical retreatment of recurrent metastases. Surgery for these patientsis controversial,
and infrequently done. Case series data from surgical studies for selected patients with
multiple or recurrent lesions are promising (Lang et al. 1996).

Only about 30% of patients with brain metastases are eligible for surgery (DeAngelis,
1994). Definitive treatment options are limited for patients who are not surgical
candidates, and for those with recurrent brain metastases. If these patients have well-
controlled systemic cancer, death from neurological causesislikely.

Treatment of brain tumors remains an active area of research. Radiosurgery has been
used to treat avariety of functional and benign brain abnormalities, and its effectiveness
for the treatment of brain metastases is now being investigated (Flickinger et al. 1994).

. DESCRIPTION OF STEREOTACTIC RADIOSURGERY

Stereotactic radiosurgery (SRS) is a specialized form of radiation therapy that delivers precise,
small, and focused beams of radiation to atargeted lesion in the brain. Theintent isto destroy
the lesion, or control its growth, without harming nearby healthy tissue. Treatment is minimally
invasive. It requires no surgical incision, causes little discomfort, and can be performed on an
outpatient basis, or with avery brief inpatient admission.

Originally developed in 1951, SRS has since incorporated advanced medical imaging and
computerized localization systems to refine the technology (Phillips et a. 1994; De Salles et al.
1993).

Three different systems can be used to perform SRS: Gamma Knife; heavy charged particles
from acyclotron or synchrotron; or a modified linear accelerator. There are over 200
stereotactic radiosurgery facilities in the United States (Shrieve et al. 1995), including 27 Gamma
Knife centers (Elekta 1997), and 2 cyclotrons or synchrotrons (Pakuris 1996; Sisterson 1997).
Most of the remaining centers perform radiosurgery using specialized add-on equipment with
linear accelerators (LINACS). LINACS are used to deliver conventional radiotherapy treatment
to cancer patients, and are available at many major health care facilities. A few centers have
LINACS that are only used for SRS.

The Tampa VA Medical Center recently purchased a LINAC-based system called Peacock. It
can be used to perform SRS on brain tumors or prostate tumors. It can aso be used to perform
specialized forms of radiotherapy for brain, lung, or prostate cancers (DVA 1997). This system
has the unique ability to fractionate treatments.
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1. REGULATION AND REIMBURSEMENT

Commercially available SRS units are approved for therapeutic use by the Food and Drug
Administration (Jones et a. 1995; FDA 1997). Radiosurgery facilities must comply with
Nuclear Regulatory Commission standards and guidelines for radiation safety and quality
control. Cyclotron and synchrotron facilities must comply with Department of Energy quality
assurance protocols.

No formal training guidelines exist for neurosurgeons or radiotherapists performing SRS (Jones
et a. 1995). However, professional organizations have promoted strict guidelines and quality
assurance measures (Larson et al. 1994).

SRSisreimbursed by Medicare. Although reimbursement is presently set at the same rate as
open crania surgery, the Health Care Financing Administration (HCFA) proposed a 30%
reduction in SRS reimbursement for 1998. Thisis based on arecent HCFA analysis which
concluded that, when compared to open crania surgery, SRS used fewer resources, and reduced
the length of stay from 7-10 days (for open crania surgery) to 1-3 days (for SRS). SRS can often
be done on an outpatient basis. HCFA recommended no national coverage policy for
radiosurgery and indicated that payment decisions are at the discretion of local carriers (DHHS
1997).

The Veterans Health Administration reimbursement policy has been to pay for all medically
necessary procedures that have FDA approval or come under an approved clinical protocol.
Patients requiring radiosurgery can be referred to the TampaVAMC, the only facility presently
housing SRS equipment, or can be referred to academic affiliates or other health care facilities.

IV. METHODSFOR THE SYSTEMATIC REVIEW

Information about the effectiveness of SRS for the treatment of metastases to the brain was
obtained by conducting a systematic review of the published literature. A systematic review uses
a scientific approach to limit bias and to improve the accuracy of conclusions based on the
available data (Guyatt 1995).

A search of the English-language medical literature was performed using the following computer
databases for the years 1991 through July, 1997: MEDLINE, PREMEDLINE, HEALTH
Planning & Administration, HealthSTAR', and EMBASE?, and Current Contents’ (All Sections,
1994 to July, 1997). An updated search of PREMEDLINE was conducted in November, 1997.
Terms for the search included: radiosurgery or stereotactic radiosurgery or Gamma Knife.
These were combined with brain neoplasm, controlled clinical trials, meta-analysis, multi-center

! Computer databases maintained by the National Library of Medicine.
? Elsevier Science Publishers.

3 Institute for Scientific Information.

MTA95-002-01 MDRC Technology Assessment Program - Radiosurgery Report - Page 3



December 1997

studies or practice guidelines. End references from retrieved articles and listings of English
language, public domain technology assessments were also searched.

Titles and abstracts of 748 references were screened. 90 references were determined to be
relevant, and their full text articles were reviewed for potential inclusion in the systematic
review. Additional articleswere retrieved to provide background materials about stereotactic
radiosurgery and brain tumor therapy. References were reviewed and were included in the
review if they met the criteriain Figure 1.

Figurel: Inclusion Criteriafor the Systematic Review

- Studies evaluating the effectiveness of SRS for brain metastases

- English language journal articles reporting primary data obtained in a clinical setting, or
analyses of primary data maintained in registries or institutional databases

- Study design and methods clearly described

- Case series including 2 10 patients, or studies with a more powerful design

- Study not superseded by a later publication, with the same purpose, by the same group

- Published 1990 or later, to reflect the current status of diagnostic and treatment technologies

Studies were selected for inclusion if they provided the strongest available evidence of
effectiveness. The strength of the evidence is based on how well bias and confounding factors
are controlled in the design and conduct of astudy. Attributes that strengthen the validity of
findings include: randomized (vs. nonrandomized), controlled (vs. uncontrolled), blinded (vs.
unblinded), prospective (vs. retrospective), large (vs. small), multi-site (vs. single site), and
contemporaneous controls (vs. historical). Based on these attributes, common study designs are
listed in order, from the most to the least rigorous, for internal validity and strength of evidence
(Figure 2).

Figure2: Study Designsto Assess Effectiveness
Ranked according to decreasing strength of evidence provided

- Large randomized controlled trial, systematic reviews of RCTs
- Small randomized controlled trial

- Nonrandomized trial with contemporaneous controls

- Nonrandomized trial with historical controls

- Surveillance (database or register)

- Case series, multi-site

- Case series, single site

- Case report, anecdote

Sources: Adapted from Ibrahim 1985, and Goodman 1993.
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V. APPRAISAL OF THE LITERATURE

No direct comparisons of the effectiveness of different SRS systems were identified. Published
reviews based on comparisons of case series datafor the different systems suggest that their
treatment outcomes are similar. Lacking strong data to the contrary, the MDRC combined
studies using different SRS systems in this report.

A. Application of theInclusion Criteria
Table 1 summarizes the findings from the review of the 90 potentially eligible articles.

Tablel: Eligible Studies, Effectiveness of SRSfor Brain M etastases

STUDY DESIGN # ELIGIBLE STUDIES

Randomized controlled trials, 0 (RCTs underway)

or systematic reviews of RCTs 0 relevant systematic reviews

Nonrandomized trial with contemporaneous controls 0

Nonrandomized trial with historical controls 0
0
2
2

Surveillance (database or register)

Case series, multi-site (retrospective)
Case series, single site (prospective)
9 (retrospective or unclear)
Case report, anecdote Excluded
TOTAL 134

Study characteristics and outcomes were extracted by the authors, summarized in Tables
2 and 3, and discussed below. Differencesin study design and quality were noted among
the studies. No studies were judged to be of sufficiently high quality that they could be
used, to the exclusion of the remaining case series, as the basis for this report.

Despite their design differences, dl thirteen studies that met the inclusion criteriafor the report
were classified as case series. A case seriesisardatively weak study design that does not
provide strong evidence of effectiveness. Case series studies contain useful information about
the clinical course and prognosis of patients, can suggest rel ationships between interventions
and outcomes, and can help generate ideas for further research.

B. Data Synthesis

This report presents a qualitative overview to synthesize the best available evidence. A
guantitative synthesis (meta-analysis) was not attempted. The methodol ogical weakness

* The majority of excluded articles were discussions or overviews that did not report primary data. The overviews failed to meet
the criteria established for systematic reviews. 19 reports of primary data were excluded because they were superseded by more
recent publications, had fewer than 10 patients, or were uninterpretable because of unclear reporting. One cost-effectiveness
analysis was excluded because of the preliminary nature of the effectiveness data for SRS upon which the analysis was based,
and uncertainty about comparability of the populations studied.
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of case series, combined with present differences in design and analysis among the
eligible studies, argued against the validity and usefulness of pooling study results
(Eysenck 1994).

Two eligible studies (Flickinger et al. 1994, and Auchter et al. 1996) did synthesize some
of the case series data. Using explicit inclusion criteria, both studies identified
radiosurgery patients from multiple institutions, and conducted multivariate analysesto
identify patient and treatment factors that appeared to be associated with improved
outcomes.

VI. PUBLISHED FINDINGS

The synthesis of evidence from eligible studies includes a summary of patient and treatment
characteristics and an overview of treatment outcomes. Eight studies performed statistical
analyses to identify patient and treatment characteristics that appeared to be associated with
improved outcomes. Their findings are included in this report.

A. Description of Patients, Treatments, and Outcomes

The 13 case series that met the inclusion criteriafor this report are summarized in Table
2°. Additional details relevant to the studies follow. Note that patient characteristics,
incompletely described in some studies, may have had alarge impact in determining
patient response to treatment.

Patients ranged in age from 14 to 87, with a median age in the mid-50s (no data reported
by Kihlstrom). Men and women were approximately equally represented in al but the
Engenhart study (72% male).

The baseline health status of patients was sometimes difficult to assess because of
incomplete reporting. Data suggested that most studies were fairly selective, and
included highly functional patients. Kihlstrom, Engenhart, Valentino, and Breneman
appeared to have been less selective, and to have included some patients with more
advanced disease.

The characteristics of metastases varied among studies. All of the case seriesincluded a
mix of primary tumor types; the histology of treated tumors generally included those
most frequently found in brain metastases. Auchter and Engenhart treated only
radioresistant tumors. Auchter, Valentino, and Flickinger included only patients with
solitary metastases. Chamberlain and Buatti included only patients with 1-3 metastases.
All other studies included patients with solitary or multiple metastases. Tumor size,

® Table 2 includes only radiosurgery patient data from the Bindal study (1996). The studly also reported outcomes from a
selected series of surgical patients.
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reported as either tumor volume (cm’) or tumor diameter (cm or mm), varied and was
reported inconsistently across studies. Most of the treated tumors were relatively small
with tumor diameters of £ 2 cm or tumor volumes of < 3 cm’. Flickinger and Shiau
treated severa patients with large tumors. Joseph, Valentino, and Engenhart reported no
tumor size data. Auchter, Bindal, and Kihlstrom treated only newly diagnosed
metastases. Davey treated only recurrences.

Studies used single, or multiple, treatment protocols. Radiosurgery (SRS) was used as a
boost to radiotherapy (WBRT), or asthe solitary treatment modality. Gamma Knife units
were used to perform radiosurgery by Kihlstrom, Flickinger, and Shiau. LINACswere
used in al other studies. Radiation dosage planning varied across institutions.

Studies included some measures of baseline patient status, tumor response, and survival
(Figure 3). Eligible studies differed in how, and when, these parameters were measured.

Figure3: Definitions of Outcome M easuresfor Cancer Treatment

Actuarial control or survival: the probability of local control or survival at the defined time. It is
calculated using available data, and becomes less meaningful as patient numbers decline.

Karnofsky Performance Score (KPS): a measure of functional independence. 100 = normal; 80-
90 = mild symptoms; 70 = independent self care, but cannot work; £ 50 = needs progressively
more help; 0 = dead. The KPS can be used to describe patient status at baseline (as in Table 2).
Change from baseline can be used as a quality of life measure of treatment outcome.

Local control: lack of significant sustained increase in tumor volume (3 25%) for at least 30 days,
as measured by follow up imaging. Reported figures often represent crude measures based on
patients who were alive and available for follow up, and are subject to many biases.

Median survival: median period of time that patients live after treatment. Many studies exclude
from these calculations the patients who died within 30 days of treatment.

Because of the competing risks of mortality from the spread of systemic cancer, follow
up times after treatment were limited. Published case series reported only small numbers
of patients who were followed for more than ayear.

B. Reported Outcomes of Ster eotactic Radiosurgery
Outcome data from Table 2 are summarized in Table 3.

Ten studies reported crude local control rates. These ranged from 47% to 100%. Overall,
approximately 86% of treated tumors had disappeared, decreased in size, or grown less
than 25%, when assessed several weeks after treatment. Actuarial local control at one
year ranged from 75% to 85%. Good tumor response to treatment, as reflected in high
rates of local control, was not necessarily reflected in an increased length of survival.
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Table2: Summary of the Evidence: Effectiveness of Stereotactic Radiosurgery (SRS) for the Treatment of Brain Metastases
Note: All studiesincluded patients who had a mix of primary tumor type.

#, STUDY TREATMENT PLAN PATIENT CHARACTERISTICS | CRUDE ACTUARIAL | MEDIAN ACTUARIAL FACTORS ASSOCIATED WITH IMPROVED LOCAL CONTROL / SURVIVAL
(I = initial, R = recurrence) (N = metastases/cases) CONTROL | CONTROL | SURVIVAL SURVIVAL (from statistical analyses of outcomes)
1. Shiau, - SRS, or SRS + WBRT (1) N =219/100 47% 82% (6 mo.) | 48 weeks Local control: - melanomas (vs. adenocarcinomas)
1997 - SRS (R) - any brain metastases 7% (1yr.) - pre-treatment tumor image suggesting no damaged or dead cells
- KPS =90 - longer time interval between primary cancer diagnosis and SRS
- higher radiation dose
2. Breneman, - SRS (I, 1 metastasis) N=177/84 Time to 43 weeks Local control: - melanoma (vs. other tumor histologies)
1997 - SRS + WBRT (I, 3 2 met) - 1-6 metastases failure: (35 wks., 2 3 mets.) - higher radiation dose
-SRS (R) - %2: no active systemic cancer | 35 weeks Survival: - no active systemic cancer
- 1-2 brain metastases (vs.3 3 metastases)
3. Auchter, - SRS, or SRS + WBRT (1) N =122/122 86% 85% (1yr.) | Actuarial median: [ 53% (1yr.) Local control: - breast cancer (vs. other tumorhistologies);- presence of systemic
1996 - 1 metastasis 77% (2yr.) | 56 weeks 30% (2yr.) disease
- systemic cancer controlled Survival: - no systemic metastases
- KPS > 70 - high baseline KPS ;- local control of primary tumor
4. Chamberlain, | - SRS+ WBRT (I) N =74/50 68% 26 weeks (R) Not analyzed
1996 -SRS (R) - 1-3 metastases 28 weeks (1)
- systemic cancer controlled
- KPS =90 (all > 70)
5. Joseph, - SRS, or SRS + WBRT N =189/120 32 weeks 37 wks., 1-2mets., | Survival: - 1-2 brain metastases (vs.3 3 metastases)
1996 - 1-4 metastases 14 wks., 3-4 mets. - baseline KPS > 70
- systemic cancer controlled (both at 1 yr.)
- KPS =82 (all = 50)
6. Bindal, - SRS (I), or SRS + WBRT (I) | N=NS/31(77% had 1 met.) Time to 32 weeks 27% (1yr.) Not analyzed
1996 - small metastases failure:
- systemic cancer controlled 26 weeks
- KPS =80
7. Alexander - SRS + WBRT (1) N =421/248 89% 85% (1yr.) |40 weeks (91 Local control: - smaller brain metastases, or location above thetentorium
1995 -SRS (R) - any metastases 65% (12yr.) | weeks if no active - initial (vs. recurrent) tumor
- systemic cancer controlled systemic cancer) Survival: - no active systemic cancer
-KPS 270 - 1-2 brain metastases (vs.3 3 metastases)
- age <60, or female sex
8. Valentino, - SRS (I or R), or for N =139/139 86% Actuarial median: [ 12% (2yr.) Not analyzed
1995 residual tumor after surgery - 1 metastasis 54 weeks (SRS)
- KPS =65 74 weeks (SRS +
surgery)
9. Buatti, - SRS + WBRT () N =28/25 84% 52 weeks 28.3% (1yr.) Survival: - development of brain metastases> 1 year after cancer diagnosis,
1995 -SRS (R) - 1-3 metastases or recurrence > 1 year after treatment (vs. more aggressive cancer)
- systemic cancer controlled
- KPS > 50
10. Flickinger, - SRS [usually (R)] N=116/116 85% 75% (1yr.) | 47 weeks Local control: - melanomas and kidney cancer (vs. other tumorhistologies)
1994 - SRS + WBRT [usually (1)] - 1 metastasis 67% (2yr.) |22 wks.[SRS (I)] - combined SRS + WBRT vs. to SRS alone for initial therapy
146 wks. [SRS (R)] Survival: - breast cancer (vs. other tumorhistologies)
11. Davey, -SRS (R) N=20/12 100% 26 weeks 40% (1yr.) Not analyzed
1994 - symptomatic metastases
12. Engenhart, -SRS (lorR) N =102/69 95% 26 weeks 28.3% (1yr.) Survival: - no active systemic metastatic cancer
1993 - SRS+WBRT (multiple mets.) - inoperable radioresistant - good local control of brain metastases
metastases
- some had active systemic
cancer
13. Kihlstrom, - SRS () N =235/160 94% 30 wks.(cases Findings: - tumor histology did not predict response to treatment
1993 - 1-5 metastases followed > 1 yr.)
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The median length of survival after treatment with SRS (with or without WBRT) ranged
from 26 weeksto 56 weeks. For studiesthat only treated patients with solitary
metastases, median survival ranged from 47 to 56 weeks. Actuarial survival at one year
ranged from 28.3% (initial and recurrent tumor treatment, 1-3 metastases) to 53% (initial
tumor treatment, 1 metastasis).

Treatment-related morbidity and mortality were uncommon. Most of the adverse effects
reported in these studies were related to radiation-induced injury, and many were
reversible with medication. These included increased intracranial pressures, seizures,
transient headaches, nausea and vomiting, increased confusion, hemiparesis, and
dysphagia. Alopecia, tumor hemorrhage, and discomfort with the head frame were al'so
reported. Radiation necrosis, a serious form of delayed brain tissue damage, had a median
rate of 3% (range: 0%-17%). The median rate of deaths occurring within 30 days of
treatment was 1.3% (range: 0%-8%).

Table 3: Summary of Outcomes Data, based on Case Series Reportsin Table 2

Sudies 3 and 10 (highlighted columns) analyzed data collected in several case series that were conducted at
different sites. All other studies were single-site case series.

Solitary Metastases Solitary or Multiple Metastases Treated in the Study
Multi-site
Study # from Table 2 | 8 3 10 1 2 4 5 6 7 9 11 12 13
Median Survival (weeks)? | 54 56 47 48 43 26-28 | 32 32 40 52 26 26 30
% 1-year Actuarial Survival 53 ar: 14" 27 28.3 40 28.3
% Local Control or Weeks | 86 86 85 47 35 68 26 89 84 100 95 94
to Failure of Control weeks weeks
% 1-year Actuarial Control 85 75 77 85

' The two figures represent findings for patients with 1-2 metastases, and 3-4 metastases, respectively.
? Expected survival of patients with untreated brain metastases is 4 to 8 weeks. Expected survival with the use of steroids increases to about 12
weeks. Median survival of WBRT ranged from 15-18 weeks. Median survival of WBRT+ surgery ranged from 40-43 weeks (See Page 4.)

C.

Factors Associated with Improved Treatment Outcomes

Eight retrospective studies, including the two multi-site studies, used statistical analyses
to interpret their findings and to determine associations with improved treatment
outcomes. Results from these analyses are presented in Tables 4 and 5.

Local control of tumor growth was sustained longer for metastases of melanomas (3
studies), breast cancer (1 study), and kidney cancer (1 study included with melanomas)
compared to other tumor histologies. The use of higher radiation doses (a factor
inversely associated with tumor size) was associated with longer local control (2 studies).

An association between local control and one of several other factors was reported by five
of the studies. However, the following reported associations were not corroborated by other
studiesin the group: WBRT + SRS vs. SRS alone, supratentorial location, indolent
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cancer spread, size and location of the metastasis, presence of systemic metastasis, initial
(vs. recurrent) tumor status, and tumor images suggesting the absence of damaged cells.

No associations were found between local tumor control and the following factors. age,

gender, functional status, primary tumor site, or number of metastases.

Table 4: Potential Predictive Factors Associated with Local Control of Tumor Growth
(L= positive predictor; X= no association)
CHARACTERISTICS OF
PRIMARY TUMOR CHARACTERISTICS OF METASTATIC TUMOR
g = [%) 1]
< 3 & & 520 ) =
Lleles| E] S| 8| & & 8 | . |2z2| 8 | ¢8| ¢z
#, STUDY 5] [=] o il ) 3 = @ = N Z55 a =2 oM
< & zx = = = S @ S 2] 7] == = ES =R
© = = = 2 =] 4 S ol z Z3 =z
o ri} 2 T 9} = 2 <
B 13 @ 2 ] S
1. Shiau, 1997 X X L L X L' X X X L
2. Breneman, 1997 X X L L X X2 X X
3. Auchter, 1996 X X X X L X X X X L
7. Alexander, 1995 X X X L L L
10. Flickinger, 1994 | X L X L X X X
! defined astime interval between diagnosis of primary tumor and SRS date.
? defined as time interval between diagnosis of brain metastases and SRS date.
® defined astime interval between diagnosis of primary tumor to brain metastases.
Tableb: Potential Predictive Factors Associated with Improved Survival
(S= positive predictor; X= no association)
CHARACTERISTICS OF
PRIVARY TUMOR CHARACTERISTICS OF METASTATIC TUMOR
= w %]
— < » @ w 2 o w
= [2€| | 8| &8 |38 | & |3 S2ul = | 83| <3
#, STUDY & =) 25 g 8 2 = Z = 4 ez = 2 | S&
' < & =] = > = S @ S 5 |[[Z2yl = 5= | =T
w (= = w 1%} €D o a o =2
o 5= = = 2 S x S wESs = aE zZ3
[ w = ] a3 © o
= o <
2. Breneman, 1997 X X X X' S S
3. Auchter, 1996 X X S X X X2 X X S X
5. Joseph, 1996 X X S X X S
7. Alexander, 1995 S S X S S X
9. Buatti, 1995 X X X X X s? X X
10. Flickinger, 1994 X X X S X X X
12. Engenhart, 1993 X X S X S

! defined astime interval from diagnosis of brain metastases to SRS date.

? defined as local control of primary site.

® defined as time interval from diagnosis of primary disease or initial treatment of brain metastases to the development or recurrence of brain
metastases.
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VII.

The strongest predictors of improved survival were the absence of active systemic cancer
(4 studies), patient functional status before treatment (2 studies), and the presence of a
limited number of metastases (1 or 2vs. 3 metastases) (3 studies). An association
between increased length of survival and one of several other factors was reported by one
of the seven studies. However, the reported associations were not corroborated by other
studiesin the group. Factorsincluded: younger age, female, breast cancer vs. other
histologies, indolent cancer spread, and good local control of metastases. No associations
were found between increased length of survival and the following factors: the use of
WBRT (in addition to SRS), treatment dose, tumor size, location, or initial (vs. recurrent)
tumor status.

Most of the factors associated with improved local control were not associated with
increased survival. Breast cancer histology and lack of aggressiveness of tumor spread
were the only factors associated with both improved local control and prolonged survival.

DISCUSSION

Effectiveness of Stereotactic Radiosurgery for Brain M etastases

As more effective methods of controlling systemic cancers are becoming available,
definitive treatments for brain metastases are being sought. Whole brain radiotherapy
(WBRT) offers only modest benefits to patients. The addition of cranial surgery can
increase the duration of survival two to three-fold (relative to radiotherapy) in selected
patients. However, surgery + WBRT does not completely eradicate cancers, and about
20% of treated tumors recur at the same location (Patchell et al. 1990). Not al patients
are good surgical candidates, not al tumors are surgically accessible, and the use of
repeat surgery for recurrences remains controversial. Treatments that are applicableto a
broad range of patients, and that provide better outcomes, are still needed.

Thelack of randomized clinical trials and the heter ogeneity in the case series studies
that provide the only available data preclude definitive assessment of the
effectiveness of stereotactic radiosurgery and prevent generalization of the available
findingsto thelarger oncology population.

However, the overall trends reflected in case series data were encouraging. Findings
suggested that selected patient groups derived considerable benefit from treatment with
stereotactic radiosurgery. Local control of tumor growth was achieved for most patients,
at least for aperiod of time. This can be expected to reduce the symptoms of intracranial
disease, improve the quality of life of the patient, and possibly forestall death from
neurological causes. Most side-effects were mild, temporary, and treatable. The median
length of survival after SRS treatment ranged from 26 weeks to 56 weeks. This compares
quite favorably with outcomes from other treatments.
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SRS was sometimes used for patients who were surgical candidates. A more common
use of SRS has been for patients who were not surgical candidates, and for whom
radiotherapy or paliative care were the available options.

A review of the findings from the multivariate analyses conducted by eight studies
included in this report provides some guidance about significant prognostic factors.

Findings did not support limiting the use of SRS to patients with solitary metastases.
Available data reported no difference in outcomes for patients treated for a solitary
metastasis or for two metastases.

Relatively few patients with 3 or more metastases were treated in the case series included
in thisreport. Treatment outcomes were conflicting and provided little guidance for
clinical decision-making. Findings suggested that this group derived significantly less
benefit from radiosurgery than patients with 1-2 metastases, and it is uncertain if they
derived any clinically important benefits.

Patients treated for recurrences of brain metastases appeared to derive aslarge a
survival benefit from SRS as did those for whom radiosurgery was used as the initial
treatment for metastases. Thisfinding is particularly promising, since patients with
recurrences are not often candidates for definitive therapies.

Breast cancer histology (vs. other tumor types) was associated with both improved local
control and prolonged survival after treatment with stereotactic radiosurgery.

The absence of active systemic cancer, along with good baseline functional status and
younger age, were associated with improved survival for patients treated with SRS.
These findings are mirrored in an analysis of radiotherapy outcomes (Gaspar et al. 1997),
aswell asin analyses of surgical outcomes (Patchell et al. 1990; Noordijk et al. 1994.)
Note that all surgical patients had a good baseline functional status.

The presence of cancer that spread rapidly was associated with poor survival in a
radiosurgery case series and also in asurgical trial (Patchell et a. 1990).

These findings strongly suggest that severely debilitated patients, or those with actively
progressing systemic cancers, are unlikely to derive significant survival benefit from
definitive treatment of their brain metastases.

Radiation dose cal culations were often based on multiple factors that were difficult to
separate in analyses of case series data. The Radiation Therapy Oncology Group
(RTOG) is evaluating the optimal dose planning and maximal possible treatable tumor
volume in ongoing or planned RTOG radiosurgery trials (Shaw et al. 1996).
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B. Effectiveness of Stereotactic Radiosurgery vs. Traditional Treatments

The weakness of the data also precludes any definitive assessment of the effectiveness of
stereotactic radiosurgery relative to other treatment options.

The strongest comparison that can be made is for the treatment of patients with solitary
metastases. Table 6 lists outcomes from three treatment options. Data suggest that SRS
outcomes were comparabl e to those of surgery + WBRT, and that SRS caused fewer
complications than surgery. Both surgery and SRS had significantly better outcomes than
WBRT aone. This comparison must be interpreted with caution, since patient selection
and study designs varied. Biasesinherent in case series data tend to overestimate the
effectiveness of the therapy being studied (Pocock, 1991).

Table6: Radiotherapy, Radiosurgery, and Surgery for Solitary Brain M etastases

TREATMENT DESIGN N MEDIAN FUNCTIONAL CNS MORTALITY?
(study) SURVIVAL | INDEPENDENCE DEATHZ | & MORBIDITY
(weeks) (weeks maintained)

WBRT RCT 48 15 8 50% 4%, 17%
(Patchell)
WBRT RCT 63 26 15 33% 0%, 33% (mild-
(Noordijk) moderate)
Surgery + WBRT RCT 48 40 38 29% 4%, 8%
(Patchell)
Surgery + WBRT RCT 63 43 33 35% 9%, 6% (major)
(Noordijk)
SRS or SRS + WBRT Combined 122 56 44 25% 1.6%, 0%
(Auchter) Case Series
SRS or SRS + WBRT Combined 116 47 NS NS NS, 1%
(Flickinger) Case Series
SRS Case Series | 119 54 NS NS NS
(Valentino)1

Abbreviations: NS, not stated by authors RCT, randomized clinical trial

! Only datafor SRS patients are reported. SRS + Surgery patients were not comparable.
? Percent of deaths considered to have been caused by the effects of uncontrolled growth of brain metastases.
* Percent of patients who died within 30 days of treatment, or who were diagnosed with radiation necrosis.

Comparison data to assess the effectiveness of stereotactic radiosurgery for the treatment
of multiple metastases are absent, or of such poor quality as to preclude meaningful
interpretation. Optimal treatment for patients with multiple metastases remainsto be
determined.
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VIIlT. CONCLUSIONS

Lack of datafrom high quality studies precludes any definitive assessment of the relative
effectiveness of SRS to standard treatment for brain metastases. It also preludes any definitive
assessment of optimal equipment selection, treatment parameters, or patient selection criteria.

The available data from case series reports suggest that SRS isarelatively safe and effective
technology for definitive treatment of brain metastases in selected patients. It appears to offer
considerably greater survival benefits than traditional whole brain radiotherapy. SRS may be
comparable to surgery plus radiation therapy for the treatment of patients with smaller solitary
metastases. SRS can be used to treat patients whose metastases recur after traditional therapies, a
group for whom definitive treatment options are frequently unavailable. Aswith other definitive
therapies for patients with brain metastases, highly functional patients with well-controlled
systemic cancers derive the greatest benefit from treatment.

Uncertainty remains about the true effectiveness of this technology and the appropriate
indications for its use in patients with metastatic brain tumors. A randomized clinical tria isin
progress (see next page), and further trials are needed, to address the many of the unanswered
guestions about SRS and about the treatment of brain metastases. Such trials will provide
stronger evidence on which to base health care treatment and policy decisions.
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IX.  ONGOING TRIALSAND CLINICAL TRIAL RESOURCES

The National Cancer Institute, Physician Data Query (PDQ) System lists eighty three ongoing
clinical trails for the assessment of treatments of adult brain cancers. Thirty four of thetrials
include some form of radiation therapy. Of those, three employ radiosurgery as part of the
treatment plan, one of which isfor brain metastases. Table 7 lists the NCI stereotactic
radiosurgery trial for metastases to the brain in adults (as of March, 1998).

Table7: Clinical Trial of Stereotactic Radiosurgery in Adultsfor Brain Metastases

TRIAL DESCRIPTION

RTOG-95-08 Phase Ill Randomized Study of Fractionated External Beam
Multi-site NCI-sponsored Whole-Brain Radiotherapy with vs. Without a Stereotactic
NCI cooperative group program study Radiosurgery Boost in Patients with One to Three Unresected

Brain Metastases

start date 1/31/96
status active for 2.5-3.75 years

A companion piece to this trial surveys the insurance
industry preapproval decisions for SRS.

The INFORMATION NETWORK, maintained by Johns Hopkins Medical Institutions, surveyed
major brain tumor facilities, and identified 11 additional trials of stereotactic radiosurgery for the
treatment of primary or metastatic brain tumors. Thesetrials are designed and conducted by the
individual treatment centers (INFONET, 1997).

As part of continued efforts to gain expanded access to promising treatments for cancer,
VA entered into an agreement with NCI. VA will provide coverage for eligible veterans to
participate in abroad range of NCI clinical trials across the country. Medical care costs of
veterans who enroll in NCI trialsin non-V A facilities will be covered in selected cases
(NCI, 1997).

INFONET. Al Musdlla’slist of clinical trials and noteworthy treatments for brain tumors
[website]. Available: http://www.virtualtrials.com [ September 1997].

National Cancer Institute, Information about NCI programs. NCI and VA make it easier for
veterans to enter studies [website]. Available: http://icicsun.nci.nih.gov/clinpdg/nci/NCI
and_VA Make It Easier for Veterans to Enter Studies.html#1 [ September 1997].
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